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ABSTRACT

A mark-recapture experiment was conducted along a 9.0-km (5.5-mi) section of the Pilgrim River during August
2002 to estimate abundance and length and age composition of Arctic grayling Thymallus arcticus. The population
in this index section is periodically assessed to ensure that it is sustained at or above a management-prescribed level
of 350 fish > 350 mm FL. This population was last assessed during 1996. Using hook-and-line gear and beach
seines, 246 fish were captured. Using a pooled Bailey-modified Petersen estimator, abundance was estimated at
740 (SE = 145) Arctic grayling > 270 mm FL and 580 (SE = 115) Arctic grayling > 350 mm FL. Most (76%)
captured fish ranged from 350 to 449 mm FL, and most (71%) fish were > age-7.

Key words:  Arctic grayling, Thymallus arcticus, abundance, age composition, length composition, hook-and-line,
beach seine, mark-recapture, Pilgrim River, Alaska.

INTRODUCTION

The Seward Peninsula of western Alaska has many rivers and streams that are easily accessible
by way of an extensive road system (approximately 420 km in length), which emanates from
Nome (Figure 1). Most streams along this road system, including the Pilgrim River, support
some angling effort for Arctic grayling Thymallus arcticus by many of the 9,200 residents of the
Nome census area (U.S. Census Bureau 2001), as well as numerous tourists. The Pilgrim River
is accessible from the Nome-Taylor Highway at its mouth at Salmon Lake and at milepost 65
where it crosses the river 51 km from its mouth. The Pilgrim River is approximately 99 km
long, emanating from Salmon Lake in the Kigluaik Mountains. The river flows in a northerly
direction from Salmon Lake until it crosses the Nome-Taylor Highway, where it heads west to
the Kuzitrin River and the Imuruk Basin. Major tributaries of the Pilgrim River include the
catchments of Salmon Lake and Crater and Iron creeks. The river contains populations of Arctic
grayling, northern pike Esox lucius, burbot Lota lota, Dolly Varden Salvelinus malma, longnose
sucker Catostomus catostomus, round whitefish Prosopium cylindraceum, humpback whitefish
Coregonus pidschian, Chinook salmon Oncorhynchus tshawytscha, sockeye salmon O. nerka,
pink salmon O. gorbuscha, chum salmon O. keta, and coho salmon O. kisutch.

Most of the sport fishing effort in the Pilgrim River drainage is directed at Arctic grayling,
northern pike, Dolly Varden, and salmon (A. DeCicco, Sport Fish Biologist, retired, ADF&G,
Fairbanks; personal communication). Fishing effort for Arctic grayling occurs at the Salmon
Lake outlet, upstream and downstream of the bridge for several kilometers, and to a lesser extent
between the Salmon Lake outlet and the bridge. From 1992 through 2002, the Pilgrim River
averaged 790 angler days of fishing effort, 51 Arctic grayling harvested, and 573 Arctic grayling
caught (Table 1; Mills 1993, 1994; Howe et al. 1995, 1996, 2001a-d; Walker 2003).

The Pilgrim River and many other Nome area streams are known for producing large Arctic
grayling and a 15-in length restriction was implemented to afford some protection of these larger
fish. In general, streams with roadside access have more stringent regulations (5 grayling/day
and only one may be > 15 in TL) than the background regulations that are applied to the remote
streams of the Seward Peninsula (5 grayling/day and no size limit; formerly 10 grayling/day and
no size limit prior to 2004). Since 1992, the Pilgrim River has had a bag limit of two Arctic
grayling/day of which only one may be > 15 in TL (350 mm FL), and this regulation does appear
to have reduced harvest (Table 1).
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Table 1.-Estimated numbers of anglers, days fished, and Arctic grayling catch and
harvest for the Pilgrim River, 1988 — 2000.

Number of Days
Year® Anglers Fished Catch” Harvest
1988 743 4,729 109
1989 1,017 1,645 516
1990 779 1,627 1,476 415
1991 1,133 3,085 4,463 445
1992° 686 1,184 526 91
1993 544 1,017 2,362 75
1994 310 808 266 49
1995 517 1,239 370 52
1996 445 840 821 73
1997 456 820 429 81
1998 392 546 65 0
1999 283 433 694 11
2000 177 753 221 58
2001 207 491 404 44
2002 303 562 144 31
Averages
1988-1991 918 2,772 2,970 371
1992-2002 393 790 573 51

Source: Data from the Alaska Statewide Harvest Survey (SWHS): Mills 1989-1994; Howe et al.
1995, 1996, 2001a-d.

®  The 2000 - 2002 estimates (DeCicco 2004) are unofficial and unpublished because they were
based on an insufficient number responses to the SWHS.

No data are available for catch prior to 1990.

Beginning 1992, the Pilgrim River has had a bag limit of two Arctic grayling/day of which
only one may be > 15 in TL (350 mm FL).

From 1989 to 2000, concerted research was conducted on several important Arctic grayling
populations on the Seward Peninsula (Merritt 1989; DeCicco 1990-1997, 2000, 2002a) that
culminated in a fishery management plan for rivers with Arctic grayling along the Nome Road
system and the current regulatory structure (DeCicco 2002b). In this plan, specific management
objectives have been established for the Niukluk, Fish, Pilgrim, Nome, Snake, and Sinuk rivers
(Figure 1), which prescribes minimum abundances of Arctic grayling (> 15 in TL) in index
areas. The research program, as described in the management plan, recommends periodic
population assessments for these and other road-accessible streams to ensure that abundances are
being maintained at or above prescribed levels.

The Pilgrim River management objective is to maintain a minimum abundance of 350 Arctic
grayling > 15 in TL (350 mm FL) within a 9.0-km index area having an upper boundary at the
Nome-Taylor Highway Bridge (Figure 2). This objective was established based on assessments
conducted between 1990 and 1996 (Table 2). Due to the Pilgrim River’s accessibility, sustained



effort, and relatively small population, DeCicco (2002a) also recommended assessments of the
Pilgrim River population be conducted every 5 years; however, prior to this study it had not been
assessed for 6 years. Therefore, the goal of this study was to reassess the Arctic grayling
population in the Pilgrim River in the 9-km index area to determine if the prescribed level of
>350 Arctic grayling > 15 in TL (350 mm FL) had been maintained.

OBJECTIVES

The project objectives were to estimate:

1. The abundance of Arctic grayling (= 270 and > 350 mm FL) in a 9-km (5.5 mi) index area of
the Pilgrim River, such that the estimate is within 25% of the actual abundance 90% of the
time;

2. The length composition of Arctic grayling (> 270 mm FL) in a 9-km (5.5-mi) index area of
the Pilgrim River, such that all estimated proportions (10-mm and 25-mm groups) are within
5 percentage points of the true proportions 95% of the time; and,

3. The age composition of Arctic grayling (> 270 mm FL) in a 9-km (5.5-mi) index area of the
Pilgrim River, such that all estimated proportions (ages 1-6 and age-7+) are within 5
percentage points of the true proportions 95% of the time.

METHODS
SAMPLING DESIGN AND FiIsH CAPTURE

In 2002, the Pilgrim River Arctic grayling study was designed to estimate abundance and length
and age composition of Arctic grayling within the 9-km index area by conducting a two-event
mark-recapture experiment. The first (marking) event occurred during August 6-9 and the
second (examination) event during August 12-15.

During each event, sampling began at the Nome-Taylor Highway Bridge and moved sequentially
downstream. Each day, a crew (comprised of two people in the first event and three in the second
event) expended approximately 8-hours of sampling effort (Appendix Al). During each event, a
beach seine (50 m x 2 m, 6.5-mm mesh) and hook-and-line gear (fly-fishing and spin fishing) were
used to capture fish. When angling, a variety of terminal gears were utilized, and they included
size 12 — 16 flies and 1/8 and 1/16 ounce jigs having size 1 or 2 hooks, several colors of rubber
bodies, and rubber salmon eggs. The choice of terminal gear was left to the discretion of each
angler.

In the first event, fish > 250 mm FL were given a primary mark with an individually-numbered
anchor tag (Floy FD 94%). Additionally, a secondary mark (a partial upper caudal fin clip) was
used to identify and mitigate effects of tag loss. In the second event, fish were not tagged, but a
partial lower caudal fin clip was given to all captured fish to avoid double counting. Sample size
objectives for the abundance estimate were established using methods in Robson and Regier (1964)
and for compositions using criteria developed by Thompson (1987) for multinomial proportions.

! Product names used in this report are included for scientific completeness, but do not constitute a product
endorsement.
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Table 2.—Estimated abundance, SE, and number of fish/km for Arctic grayling >
270 mm FL in the Pilgrim River 9-km index area during 1990, 1991, 1992, 1993,
1994, 1995 and 1996.

Year Abundance SE Fish/km
1990 1,717 428 191
1991 1,152 210 128
1992 1,108 161 123
1993 595 83 66
1994 374 85 42
1995 657 117 73
1996 534 77 59

Source: Data from: DeCicco 1991-1997.

Abundance was estimated using a two-event Petersen mark-recapture experiment (Seber 1982)
designed to satisfy the following assumptions:

1. The population was closed (Arctic grayling do not enter or leave the population during
the experiment);

2. All Arctic grayling had a similar probability of capture in the first event or in the second
event, or marked and unmarked Arctic grayling mixed completely between the first and
second events;

3. Marking of Arctic grayling in the first event did not affect the probability of capture in
the second event;

4. Marked Arctic grayling were identifiable during the second event; and,
All marked Arctic grayling were reported when examined during the second event.
The estimator used was a modification of the general form of the Petersen estimator:

N =2 (1)
my

where:
ni = the number of Arctic grayling marked and released during the first event;
n, = the number of Arctic grayling examined for marks during the second event; and,
m, = the number of marked Arctic grayling recaptured during the second event.

The specific form of the estimator was determined from the experimental design and the results
of diagnostic tests performed to evaluate if the assumptions were met.

The sampling design allowed the validity of these assumptions to be ensured or tested. To help
ensure that the movement of fish did not violate the assumption of closure, the experiment was
conducted during the summer feeding period when Arctic grayling were not expected to be



migrating (Tack 1973; Ridder 1998; Ridder and Gryska 2000; Gryska 2001). Movement was
expected but only on a localized scale (e.g., up to 2 river km). The duration of the study was
kept short to render growth recruitment and mortality insignificant. Location data for recaptured
fish were examined for evidence of movement to evaluate the appropriateness of the assumption
of closure.

To ensure that Assumption 2 was met, an attempt was made to subject all fish during each
sampling event to the same probability of capture by sampling each pool and run with effort in
proportion to the distribution of Arctic grayling. Specifically, more time was spent in locations
where numerous fish were encountered than in areas where few fish were encountered as
determined by visual sightings, strikes, and catches. In general, densities appeared relatively
high in glides and pools and lower in slack water areas and riffles. Because Arctic grayling
move little during mid-summer, complete mixing of marked and unmarked fish within the study
area was not expected; rather Arctic grayling were expected to mix within approximately 2 km
reaches. Diagnostic tests to identify heterogeneous capture probabilities and methods to correct
for potential biases are presented in the Data Analysis section.

Relative to Assumption 3, a hiatus of four days between the first and second events in a given
river section was included to allow marked fish the time to recover from the effects of being
captured and handled and to resume their normal behavior. In addition, the use of active gear
and two different types of terminal gear when angling served to mitigate potential marking-
induced effects in behavior (e.g., gear avoidance).

Relative to Assumptions 4 and 5, Arctic grayling captured during the first event were double-
marked with an internal anchor tag and a fin clip, and all fish caught in the second event were
carefully examined for marks.

DATA COLLECTION

All captured Arctic grayling were processed immediately or soon after capture and released at or
very near their capture location. After each fish was caught, crews recorded the date, location,
fork length, old fin clips, tag number, tag color, recapture status, and mortality (if that occurred)
onto a coin envelope and into a field notebook. To determine the age of each fish, two scales
were removed from each fish in area approximately six scale rows above the lateral line just
posterior to the insertion of the dorsal fin (W. Ridder, Sport Fish Biologist, retired, ADF&G,
Delta Junction; personal communication; Brown 1943), and stored in its respective coin
envelope. These data were later entered into an Excel spreadsheet for analysis and archival
(Appendix B1). Floy tags were gray and were numbered between 11,377 and 11,434 and
between 11,436 and 11,513.

In the lab after completion of field sampling, scales were processed by wiping slime and dirt off
each scale and mounting them on gummed cards. The gummed cards were used to make
triacetate impressions of the scales (30 s at 137,895 kPa, at a temperature of 97°C). Ages were
determined by counting annuli from the triacetate impressions magnified to 40x with a
microfiche reader. The presence of an annulus was determined as described by Kruse (1959).



DATA ANALYSIS
Abundance Estimate

The specific form of the Petersen estimator was determined from the results of diagnostic tests.
Violations of Assumption 2 relative to size effects were tested for using two Kolmogorov-
Smirnov (K-S) tests. There were four possible outcomes of these two tests relative to evaluating
size selective sampling (either one of the two samples, both, or neither of the samples were
biased) and two possible actions for abundance estimation (length stratify or not). The tests and
possible actions for data analysis are outlined in Appendix B1.

To check for spatiotemporal differences in capture probability, tests for consistency of the
Petersen estimator (Seber 1982) were performed and the appropriate estimator selected
(Appendix C2). The sample area was divided into six sections of approximately 1.5 km in
length to provide a minimum scale at which capture probabilities could be examined (Figure 2).
Criteria considered when defining geographic strata included number of recaptures per stratum,
hydrology, and stratum length relative to anticipated movements. When estimating abundance a
minimum number of recaptures (approximately 7 fish) were preferred to permit reliable
diagnostic testing and to ensure negligible statistical bias in N (Seber 1982). Sections longer
than approximately 2 km were preferred to accommodate localized movements of Arctic
grayling (e.g., approximately 1-2 km). Documentation of release location for each fish permitted
the examination of multiple geographic stratification schemes for purposes of assumption
testing.

Length and Age Compositions

Length and age composition of the population were estimated using the procedures outlined in
Appendices C1 and C3.

RESULTS

SUMMARY STATISTICS OF FISH SAMPLED

Two hundred forty-six Arctic grayling (> 250 mm FL) were captured. Of the 245 fish > 270 mm
FL, 141 were captured during the first event (marked or n;), 104 during the second event
(examined or ny), and 19 fish were marked in the first event and recaptured in the second event
(recaptured or my). The smallest Arctic grayling marked during the first event was 283 mm FL,
examined during the second event was 265 mm FL, and recaptured was 329 mm FL. The largest
Arctic grayling caught was 496 mm FL. Hook-and-line gear captured 70 Arctic grayling, and
seine gear caught 176 Arctic grayling. However, seine gear was abandoned during the second
event due to a large number of spawning chum salmon Oncorhynchus keta fouling the net.

ABUNDANCE ESTIMATES

The estimated abundance of Arctic grayling >270 mm FL was 740 fish (SE = 145), and the
estimated abundance of Arctic grayling > 350 mm FL was 580 fish (SE = 115). The sampling
design and the results of the testing procedures (Appendices B1 and B2) determined that
stratification by size or area was not required. Therefore, the Bailey modified Petersen estimator
(Bailey 1951, 1952) was used to estimate abundance of Arctic grayling > 270 and > 350 mm FL
(Appendix B4). The use of the Bailey-modified Peterson estimator was appropriate because



fishing occurred in a systematic downstream progression while attempting to subject all fish to
the same probability of capture.

Although the smallest recaptured Arctic grayling was 329 mm FL, the 270-mm lower boundary
defined in the objectives was retained because: 1) fish as small as 283 mm FL in the first event
and 265 in the second event were sampled demonstrating that Arctic grayling larger than 270
mm FL were recruited to the gear; 2) the same gear was used to catch fish as small as 159 mm
FL in experiments on the Pilgrim River in the early 1990s (DeCicco 1993); 3) K-S diagnostic
tests (see below) did not reject the hypothesis of equal probability of capture regardless of size
for Arctic grayling > 270 mm FL; 4) using the estimated probability of capture during the second
event, there was a relatively high probability (33%) that none of the marked fish <229 mm FL
(n = 8) would have been recaptured during the second event; and, 5) it was the smallest length at
which all previous estimates for Pilgrim River Arctic grayling are comparable. The estimate of
fish > 350 mm FL was presented because it corresponds to a 15-in TL management objective and
regulation.

Size stratification was not necessary because K-S tests indicated that the length composition of
fish > 270 mm FL marked in the first event did not differ significantly from fish examined in the
second event (D = 0.09; P-value = 0.61) or from fish recaptured during the second event (D =
0.17; P-value = 0.64; Figure 3).

The tests of consistency were conducted at the smallest geographic scale (six sections each
1.5 km in length). At this scale, mixing of fish between sections was not complete (P-value
< 0.01; Table 3), first event capture probabilities were equal between sections (P-value = 0.65;
Table 4), and the second event capture probabilities were equal by section (P-value = 0.11;
Table 5). Although the tests failed to reject the hypothesis of equal capture probabilities during
each event (suggesting Assumption 2 was satisfied), the actual capture probabilities were
variable and the tests had little power to detect differences due to an inadequate number of
recaptures in most sections. Therefore, other geographic stratification schemes were examined
and in all cases the tests failed to reject equal probability of capture during either event. The
hypothesis of complete mixing was rejected in all cases. For example, diagnostic test results for
the stratification scheme where adjacent sections were paired (three sections each 3 km in
length) were as follows: mixing of fish between sections was not complete (P-value < 0.01;
Table 6), first event capture probabilities were equal (P-value = 0.77; Table 7), and second event
capture probabilities were equal (P-value > 0.99; Table 8).

Of the 19 fish with known release and recapture locations, 13 (68%) were recaptured within the
same section in which they were marked. Of the six fish that moved outside their original
marking section, three moved upstream and three downstream, and only two of the six fish
moved more than two 1.5-km sections (Table 3).
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Figure 3.—Cumulative relative frequency (CRF) of Arctic grayling > 270 mm FL marked and
examined (upper panel) and marked and recaptured (lower panel), Pilgrim River, August 2002.
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Table 3.—Test for complete mixing. Number of Arctic grayling > 270
mm FL marked in each 1.5 km section (1 - 6) and recaptured or not recaptured
in each section of the Pilgrim River, August 2002.

Section Where Recaptured

Section Not
Where Recaptured  Marked
Marked 1 2 3 4 5 6 (n;-my) (ny)
1 |1 3 4
2 3 3
3 1 2 23 26
4 6 1 41 48
5 2 1 43 46
6 1 4 9 14
Total 1 0 1 9 1 7 122 141

x* = 51.47; df = 20; P-value < 0.01; reject Ho.

Table 4.-Test for equal probability of capture during the first event.
Number of marked and unmarked Arctic grayling > 270 mm FL examined
during the second event by 1.5 km section (1 — 6) of the Pilgrim River, August
2002.

Section Where Examined

All
Category 1 2 3 4 5 6 Sections
Marked (m,) 1 0 1 9 1 7 19
Unmarked (n,-m,) 5 3 1 46 9 22 86
Examined (n,) 6 3 2 55 10 29 105

Peapure 1 Event (mp/n) 017 0.00 050 0.16 010 024 0.8
x? = 3.31; df = 5; P-value = 0.65; fail to reject H.

Table 5.-Test for equal probability of capture during the second event.
Number of Arctic grayling > 270 mm FL marked by 1.5 km section (1 - 6)
during the first event that were recaptured and not recaptured during the
second event, Pilgrim River, August 2002.

Section Where Marked

All

Category 3 4 5 6 Sections

3 7 3 5 19

1

1
Not Recaptured (n;-m,) 3 23 41 43 9 122
Marked (n,) 4 26 48 46 14 141

Peapre 27 Event (mn) 025 000 012 015 007 036 013

Recaptured (m,)

w W O

x*=8.90; df = 5; P = 0.11; fail to reject Hy.
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Table 6.-Test for complete mixing. Number of Arctic grayling > 270 mm FL
marked in each 3 km section and recaptured or not recaptured in each section of the

Pilgrim River, August 2002.
Section Where Recaptured

Section Where 182 384 586 Not Recaptured

Marked (ng-my) Marked (n,)
1&2 5 3 52 60
3&4 3 7 64 74
5&6 1 6 7
Total 8 10 1 122 141

x? = 21.01; df = 6; P-value < 0.01; reject H.

Table 7.-Test for equal probability of capture during the first event. Number of
marked and unmarked Arctic grayling > 270 mm FL examined during the second
event by 3 km section of the Pilgrim River, August 2002.

Section Where Examined

Category 1&2 3&4 5&6 All Sections
Marked (m,) 8 10 1 19
Unmarked (n,-my) 30 47 8 85
Examined (ny) 38 57 9 104
Peapture 1 Event (my/n,) 0.21 0.18 0.11 0.18

X2= 0.53; df = 2; P-value = 0.77; fail to reject H.

Table 8.-Test for equal probability of capture during the second event. Number
of Arctic grayling > 270 mm FL marked by 3 km section during the first event that
were recaptured and not recaptured during the second event, Pilgrim River, August

2002.

Section Where Marked

Category 1&2 3&4 5&6 All Sections
Recaptured (m,) 8 10 1 19
Not Recaptured (n;-m,) 52 64 6 122
Marked (n;) 60 74 7 141
Peapture 2™ Event (may/ny) 0.13 0.14 0.14 0.13

x*=0.01; df = 2; P > 0.99; fail to reject Hy.
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LENGTH AND AGE COMPOSITIONS

The K-S tests indicated there was no size-selective sampling during either count (Case |
scenario; Appendix B1); therefore, population compositions of lengths and ages were estimated
using measurements from both sampling events. Most (76%) of the estimated population ranged
between 350 and 449 mm FL (Table 9). Ages were obtained from 201 of 245 (82%) fish
sampled for age, and they ranged from age-3-13 (Table 10). Most (71%) of the estimated
population was age-7 or older.

Table 9.-Estimates of length composition and abundance by 10-mm FL groups for Arctic grayling
> 270 mm FL, Pilgrim River, August 2002.

Lcelrgtsh Based on Estimate > 270 mm FL Based on Estimate > 350 mm FL
mmrLt & SE[N| ovlN) B Selp] N SN ov[N B SE[B]
270-279 0 0 0.00 0.00
280 — 289 7 5 0.72 0.01 0.01
290 - 290 3 3 1.00 <0.01 <0.01
300 - 309 3 3 1.00 <0.01 <0.01
310-319 13 7 0.53 0.02 0.01
320 - 329 33 12 0.36 0.04 0.01
330 -339 26 10 0.39 0.04 0.01
340 - 349 23 10 042 0.03 0.01
350 — 359 33 12 0.36 0.04 0.01 30 11 0.36 0.05 0.02
360 — 369 56 17 0.30 0.08 0.02 51 15 0.30 0.09 0.02
370-379 66 19 0.29 0.09 0.02 60 17 0.29 0.10 0.02
380 - 389 59 17 0.30 0.08 0.02 54 16 0.30 0.09 0.02
390 - 399 72 20 0.28 0.10 0.02 66 19 0.28 0.11 0.02
400 - 409 62 18 0.29 0.08 0.02 57 17 0.29 0.10 0.02
410 -419 66 19 0.29 0.09 0.02 60 17 0.29 0.10 0.02
420 - 429 56 17 0.30 0.08 0.02 51 15 0.30 0.09 0.02
430 - 439 49 15 0.31 0.07 0.02 45 14 0.31 0.08 0.02
440 - 449 43 14 0.33 0.06 0.02 39 13 0.33 0.07 0.02
450 — 459 23 10 042 0.03 0.01 21 9 042 0.04 0.01
460 — 469 29 11 0.38 0.04 0.01 27 10 0.38 0.05 0.02
470 - 479 16 8 0.48 0.02 0.01 15 7 0.48 0.03 0.01
480 - 489 0 0 0.00 0.00 0 0 0.00 0.00
490 - 499 3 3 1.00 <0.01 <0.01 3 3 1.00 0.01 0.01

Total 740 145 0.20 1.00 - 580 115 0.20 1.00 -

® Composition estimates were calculated using the abundance estimate for Arctic grayling > 270 mm because
abundance of fish 270-349 mm was of interest. However, composition estimates of Arctic grayling > 350 mm do
not sum to 580, the estimate of abundance for that size category, due to slight differences in capture probabilities
between small and large fish.
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Table 10.-Estimates of age composition and abundance by age class for Arctic grayling > 270 mm FL,
Pilgrim River, August 2002.

Range (mm FL)

Age g A [~ ~ N
Class® Minimum Mean Maximum N, SE[Nk] P SE[p.]
3 292 292 292 4 4 <0.01 <0.01

4 0 0 0.00 0.00

5 307 362 472 62 19 0.08 0.02

6 283 374 457 151 36 0.20 0.03
7+ 320 405 496 523 105 0.71 0.03

& The scales from 191 of the 245 (78%) Arctic grayling sampled were readable and assigned an age.

DISCUSSION

The 2002 estimate of abundance of Arctic grayling > 350 mm FL (580 fish; 90% confidence
interval (Cl) 391 - 769) was within the range of variability of previous estimates (Figure 4), and
it significantly exceeded the management objectives of 350 Arctic grayling > 350 mm FL.
Movements of recaptured fish, relative to the small study area, indicated a potential for
significant positive bias due to combined immigration and emigration at the boundaries;
however, even if the bias was large (e.g., 25%), abundance still exceeded the management goal.
Current regulations appear sufficient for maintaining abundance and composition of the
population of Arctic grayling in the Pilgrim River at satisfactory levels relative to the
management objective. Therefore, no management actions are recommended to reduce harvest.

Interestingly, there was no obvious increase in the abundance of fish despite two favorable
conditions: a reduction in harvests and an increase in stream productivity. At the beginning of
the 1992 season, the bag and possession limit was reduced from 5 Arctic grayling per day with
only one > 15 in TL (350 mm FL) to 2 fish per day with only one > 15 in TL which presumably
accounted for the substantial reduction in harvests after 1991 (Table 1). Between 1997 and
2001, Salmon Lake in the Pilgrim River’s headwaters was fertilized to increase primary
production for enhancement of the sockeye salmon O. nerka population, which also likely
increased downstream productivity. (G. Todd, Fishery Biologist, ADF&G, Nome; personal
communication). Although these favorable conditions prevailed, the observed variability in the
abundance and composition estimates may be explained by other factors, including episodic
recruitment and the small size of the index area.

Variable recruitment can obscure or exacerbate differences in population parameters that may
have resulted from changes in regulations or indicate differences when regulation changes had
little or no effect (Allen and Pine 11l 2000). In Seward Peninsula streams, it has been
hypothesized that the occurrence of favorable water conditions can be relatively infrequent or
episodic, which results in a particularly strong cohort that can effectively sustain the population
of long-lived fish (A. DeCicco, Sport Fish Biologist, retired, ADF&G, Fairbanks; personal
communication). Recruitment of Arctic grayling is highly dependent on favorable water
conditions for a period (e.g., 2-3 weeks) after hatching and emergence as well as for rearing
(Armstrong 1986; Clark 1992). Evidence of episodic recruitment has been observed in the
Snake River in the early 1990s (Gryska 2004) and in this study evidence of dominant cohorts
was observed in the Pilgrim River. Two strong cohorts, age-4 in 1992 and 1994, are depicted in
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Figures 5 and 6. As these fish aged through the mid-1990s, they are evident among each year’s
age compositions, as well as the length compositions although more obscurely due to indiscrete
size-at-age (Figures 7 and 8; Appendix D). These larger cohorts were recruited to the fishery
just after regulations were changed to reduce harvest, and this combination may have been
influential to the increase in the proportion of larger, older fish observed after 1992.
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Figure 4.—Abundance and 90% CI of Arctic grayling > 270 mm FL (upper

panel), > 350 mm FL (middle panel), and proportion > 350 mm FL (lower panel)
during 1990 — 1996 and 2002, in the Pilgrim River index area.
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Figure 5.—Relative frequency distribution of the age composition of Arctic grayling > 270 mm FL
during 1990 — 1993 in the Pilgrim River index area.
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Because the index area was very short (9 km) relative to the 57 km of preferred Arctic grayling
habitat (pool-riffle) available below Salmon Lake, seasonal and annual variations in the
distribution of fish within the drainage would compromise the representativeness of the index
area to the Pilgrim River population of the preferred area. Arctic grayling distribute themselves
differently annually and seasonally based on water conditions (temperatures, discharge, and
turbidity) and available forage (e.g., availability of pink salmon eggs during biannually weak and
strong run cycles; Armstrong 1986; DeCicco 1995; Gryska In prep; Northcote 1995; Ridder
1998; Tack 1980).

An evaluation of whether the index area provides estimates of abundance and composition that
are representative of the Pilgrim River population is needed to ensure erroneous management
decisions are not made. Without assurance that a low abundance estimate from the index area is
representative of the population, a manager may delay action pending a second and more
comprehensive assessment or may unnecessarily impose a more restrictive regulation. Prior to
such a predicament, it is recommended that a comprehensive assessment be conducted to
evaluate the representativeness of the index area. This would be best accomplished by
conducting a stock assessment and examining fish distributions from the outlet of Salmon Lake
to the downstream end of the present study area. From that assessment, a larger representative
index area could be drawn, if deemed necessary.

A clarification of the management objective is recommended to aid in interpretation of the
abundance estimate relative to the management goal and in the design of future research
projects. Currently, the management objective (350 Arctic grayling > 350 mm FL) is not explicit
about whether to use the lower boundary of the CI or the point estimate to define whether the
objective was met. Further, if the point estimate is to be used, there needs to be an explicit
statement of what level of precision is acceptable (i.e., 25% relative precision at the 90%
confidence level). For example, a point estimate of 280 fish with 25% relative precision would
have a 90% CI of 209 — 351, and the management plan does not unambiguously indicate whether
this research finding would stimulate management action. Conversely, it is unknown if a point
estimate of 351 fish with the same relative precision as achieved in this study (+ 32.7%) would
warrant a management action.

An unambiguous management objective would also be beneficial for planning future
assessments and their sample size needs, because as demonstrated (Figure 9), the precision
required to meet management goals will generally differ from typical “research precision”
(relative precision of 25% at either the 90 or 95% confidence levels). For a Pilgrim River Arctic
grayling population abundance exceeding 467 fish, a management goal can be met with
precision and sample sizes less than typically required for research objectives; but if abundance
is less than 467 Arctic grayling, then precision and sample size must increase dramatically to
ensure the lower range value of the CI is > 350. In this study, management goals were
adequately addressed even though the precision expectations for the abundance estimates were
not achieved (for Arctic grayling > 350 mm FL the abundance estimate’s relative precision at the
90% confidence level was + 32.7% and for Arctic grayling > 270 mm FL it was + 32.3%). To
have attained estimates within research precision would have required more samples provided by
more fishing effort. By clarifying the management objective, the necessity of additional and
more costly sampling could be evaluated, whether for attaining “research precision” or for
ensuring a Cl will exceed the management objective.
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APPENDIX A. SAMPLING SCHEDULE AND CATCH STATISTICS
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Appendix Al.—Sampling schedule and catch statistics by gear type for the
Pilgrim River, 2002.

Section
Date 1&2 3&4 5&6
8/6/2002 A (12;2)?
8/7/2002 A (43; 3) A (49; 0)
8/8/2002 A (25; 0) A (0; 4)
8/9/2002 A(1;2)
8/10/2002 No sampling
8/11/2002 No sampling
8/12/2002 B (17; 0)
8/13/2002 B (14; 8) B (8; 25)
8/14/2002 B (7; 13) B (0; 9)
8/15/2002 B (0; 4)

Crew A was composed of personnel 1 & 2
Crew B was composed of personnel 1, 3, & 4

% Values in parentheses indicate number of Arctic grayling caught by gear type
(seine; hook-and-line gear).
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APPENDIX B. DATA FILE LISTING
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Appendix Bl.-Data files for all Arctic grayling captured in the Pilgrim River, August 2002.

Data file Description
Pilgrim River 2002 Data.csv Sample data from August 6 - 15, 2002,
Pilgrim Final Analysis 2002 .xls Data and analysis in excel spreadsheet

Note: Data files are archived at and are available from the Alaska Department of Fish and Game, Sport Fish
Division, Research and Technical Services, 333 Raspberry Road, Anchorage, Alaska 99518-1565
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APPENDIX C. METHODS FOR TESTING ASSUMPTIONS OF THE
PETERSEN ESTIMATOR AND ESTIMATING ABUNDANCE AND
AGE AND SIZE COMPOSITION
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Appendix C1.-Methodologies for alleviating bias due to size selectivity.

Result of first K-S test?® Result of second K-S test’
Case I°
Fail to reject H, Fail to reject H,
Inferred cause: There is no size-selectivity during either sampling event.
Case II°
Fail to reject H, Reject H,
Inferred cause: There is no size-selectivity during the second sampling event, but there is during
the first sampling event.
Case I11°
Reject H, Fail to reject H,
Inferred cause: There is size-selectivity during both sampling events.
Case IV

Reject H, Reject H,

Inferred cause: There is size-selectivity during the second sampling event; the status of size-
selectivity during the first event is unknown.

f

The first Kolmogorov-Smirnov (K-S) test is on the lengths of fish marked during the first event versus the
lengths of fish recaptured during the second event. H, for this test is: The distribution of lengths of fish sampled

during the first event is the same as the distribution of lengths of fish recaptured during the second event.

The second K-S test is on the lengths of fish marked during the first event versus the lengths of fish captured
during the second event. H, for this test is: The distribution of lengths of fish sampled during the first event is
the same as the distribution of lengths of fish sampled during the second event.

Case I: Calculate one unstratified abundance estimate, and pool lengths and ages from both sampling event for
size and age composition estimates.

Case II: Calculate one unstratified abundance estimate, and only use lengths and ages from the second sampling
event to estimate size and age composition.

Case Ill: Completely stratify both sampling events and estimate abundance for each stratum. Add abundance
estimates across strata. Pool lengths and ages from both sampling events and adjust composition estimates for
differential capture probabilities.

Case IV: Completely stratify both sampling events and estimate abundance for each stratum. Add abundance

estimates across strata. Estimate length and age distributions from second event and adjust these estimates for
differential capture probabilities.
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Appendix C2.-Tests of consistency for the Petersen estimator (from Seber 1982, page 438).

TESTS OF CONSISTENCY FOR PETERSEN ESTIMATOR

Of the following conditions, at least one must be fulfilled to meet assumptions of a Petersen estimator:
1. Marked fish mix completely with unmarked fish between events;
2. Every fish has an equal probability of being captured and marked during event 1; or,

3. Every fish has an equal probability of being captured and examined during event 2.

To evaluate these three assumptions, the chi-square statistic will be used to examine the following contingency
tables as recommended by Seber (1982). At least one null hypothesis needs to be accepted for assumptions of the
Petersen model (Bailey 1951, 1952; Chapman 1951) to be valid. If all three tests are rejected, a geographically
stratified estimator (Darroch 1961) should be used to estimate abundance.

I.-Test For Complete Mixing?

Section Section Where Recaptured Not Recaptured
Where Marked 1 2 t (ny-my)
1
2
S

I1.-Test For Equal Probability of capture during the first event”

Section Where Examined
1 2 t

Marked (m,)
Unmarked (n,-m,)

I11.-Test for equal probability of capture during the second event*

Section Where Marked
1 2 S

Recaptured (my)
Not Recaptured (n;-m,)

& This tests the hypothesis that movement probabilities (6) from sectioni (i = 1, 2, ...s) to section j (j = 1, 2, ...t) are
the same among sections: Hy: 6;; = 0;.

® This tests the hypothesis of homogeneity on the columns of the 2-by-t contingency table with respect to the
marked to unmarked ratio among river sections: Hy: X@6; = kU;, where k = total marks released/total
unmarked in the population, U; = total unmarked fish in stratum j at the time of sampling, and & = number of
marked fish released in stratum i.

¢ This tests the hypothesis of homogeneity on the columns of this 2-by-s contingency table with respect to
recapture probabilities among the river sections: Ho: Z;0;p; = d, where p; is the probability of capturing a fish in
section j during the second event, and d is a constant.
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Appendix C3.-Equations for estimating length and age compositions and their variances for the
population.

The diagnostic tests indicated that there was no size selective sampling during either event (Case
I, Appendix C1). Therefore, stratification by size was not necessary and population
compositions of lengths and ages were estimated using measurements from both sampling
events. The proportions of Arctic grayling within each age or length class k were estimated:

LN
Pe=— (C-1)
n
where:
n, = the number of Arctic grayling sampled within age or length class k and,
n = the total number of Arctic grayling sampled.
The variance of each proportion was estimated as (from Cochran 1977):
Ar A 0 1- 0
V[pk]:M- (C-2)

n-1

The abundance of Arctic grayling in each length or age category, k, in the population was then

estimated:

BN, (C-3)

N = the estimated overall abundance; and,

s = the number of age or length classes.

The variance for Nk was then estimated using the formulation for the exact variance of the

product of two independent random variables (Goodman 1960):

VliJ~ % Vipa [z -V(p VIR ) 9
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Appendix C4.—-Equations for calculating estimates of abundance and its variance using the Bailey-
modified Petersen estimator.

The Bailey-modified Petersen estimator (Bailey 1951 and 1952) was used because the sampling
design called for a systematic downstream progression, fishing each pool and run and attempting
to subject all fish to the same probability of capture while sampling with replacement. The
Bailey modification to the Petersen estimator may be used even when the assumption of a
random sample for the second sample is false when a systematic sample is taken provided:

1) there is uniform mixing of marked and unmarked fish; and,
2) all fish, whether marked or unmarked, have the same probability of capture (Seber 1982).

The abundance of Arctic grayling was estimated as:

nl(n2 +l)
mo +1

N = (C-5)

where:

n; = the number of Arctic grayling marked and released alive during the first event;
n, = the number of Arctic grayling examined for marks during the second event; and,

m, = the number of Arctic grayling marked in the first event that were recaptured during

the second event; and,

The variance was estimated as (Seber 1982):

2
ViN]=M (ny +1g(n2 —my) (C6)
(m2 +l) (m2 + 2)
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APPENDIX D. HISTORIC DATA SUMMARY
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Appendix D1.-Estimates of length composition and abundance by 25-mm FL
groups for Arctic grayling > 270 mm FL, in a 9.0-km index section of the Pilgrim River,
1990.

Length Class

(mm FL) n P, Se[p,] N, §E[|\]k]
270 - 299 0 0.00 0.00

300 - 324 7 0.07 0.03 120 52
325 -349 5 0.05 0.02 86 42
350 -374 16 0.16 0.04 275 92
375 -399 11 0.11 0.03 189 70
400 - 424 22 0.22 0.04 378 117
425 - 449 20 0.20 0.04 343 109
450 - 474 15 0.15 0.04 258 88
475 - 499 2 0.02 0.01 34 25
500 - 525 2 0.02 0.01 34 25

Total 100 1,717

Appendix D2.-Estimates of length composition and abundance by 25-mm FL groups
for Arctic grayling > 270 mm FL, in a 9.0-km index section of the Pilgrim River, 1991.

Length Class

(mmFL) n P Se[p,] N, $eN, |
270 - 299 40 0.13 0.02 147 34
300 - 324 44 0.14 0.02 162 37
325 - 349 37 0.12 0.02 136 32
350 - 374 65 0.21 0.02 239 51
375-399 42 0.13 0.02 155 36
400 - 424 18 0.06 0.01 66 19
425 - 449 41 0.13 0.02 151 35
450 - 474 25 0.08 0.02 92 24
475 - 499 1 <0.01 <0.01 4 4
500 - 525 0

Total 313 1,152
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Appendix D3.-Estimates of length composition and abundance by 25-mm FL groups for Arctic
grayling > 270 mm FL, in a 9.0-km index section of the Pilgrim River, 1992.

Length Class

(mm FL) n P Se[p,] N, $eN, |
270 - 299 76 0.21 0.02 228 40
300 - 324 58 0.16 0.02 174 33
325 - 349 45 0.12 0.02 135 27
350 - 374 50 0.14 0.02 150 29
375 - 399 56 0.15 0.02 168 32
400 - 424 44 0.12 0.02 132 27
425 - 449 22 0.06 0.01 66 17
450 - 474 14 0.04 0.01 42 12
475 - 499 5 0.01 0.01 15 7
500 — 524 0

Total 370 1,108

Appendix DA4.-Estimates of length composition and abundance by 25-mm FL groups for Arctic
grayling > 270 mm FL, in a 9.0-km index section of the Pilgrim River, 1993.

Length Class

(mm FL) n P, SElp,] N, $elN, |
270 - 299 46 0.17 0.02 104 20
300-324 34 0.13 0.02 77 16
325 -349 43 0.16 0.02 97 19
350 - 374 47 0.18 0.02 106 20
375 -399 40 0.15 0.02 90 18
400 - 424 23 0.09 0.02 52 13
425 — 449 17 0.06 0.02 38 10
450 - 474 113 0.04 0.01 25 8
475 - 499 2 0.01 0.01 5 3
500 - 524 0

Total 263 595
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Appendix D5.-Estimates of length composition and abundance by 25-mm FL groups for Arctic
grayling > 270 mm FL, in a 9.0-km index section of the Pilgrim River, 1994.

Length Class

(mm FL) n P Se[p,] N, $eN, |
270 - 299 32 0.24 0.04 88 24
300 - 324 7 0.05 0.02 19 8
325 - 349 18 0.13 0.03 50 15
350 - 374 17 0.13 0.03 47 15
375 - 399 30 0.22 0.04 83 23
400 - 424 15 0.11 0.03 a1 14
425 - 449 9 0.07 0.02 25 10
450 - 474 6 0.04 0.02 17 7
475 - 499 2 0.01 0.01 6 4
500 — 524 0

Total 136 374

Appendix D6.-Estimates of length composition and abundance by 25-mm FL groups for Arctic
grayling > 270 mm FL, in a 9.0-km index section of the Pilgrim River, 1995.

Length Class

(mm FL) n B SE[p, ] N, §E[Nk]
270 - 299 27 0.15 0.03 101 25
300 - 324 21 0.12 0.02 79 21
325 -349 17 0.10 0.02 64 18
350 - 374 14 0.08 0.02 53 16
375 -399 13 0.07 0.02 49 16
400 - 424 38 0.22 0.03 143 32
425 - 449 30 0.17 0.03 113 27
450 - 474 13 0.07 0.02 49 16
475 - 499 2 0.1 0.01 8 5
500 - 524 0

Total 175 657
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Appendix D7.-Estimates of length composition and abundance by 25-mm FL groups for Arctic

grayling > 270 mm FL, in a 9.0-km index section of the Pilgrim River, 1996.

Length Class

(mm FL) n i Se[p,] N, $eN, |
270 - 299 3 0.02 0.01 13 8
300 - 324 1 0.01 0.01 4 4
325 - 349 6 0.05 0.02 26 1
350 - 374 12 0.10 0.03 52 16
375 - 399 19 0.15 0.03 83 21
400 - 424 24 0.20 0.04 104 24
425 - 449 27 0.22 0.04 117 26
450 - 474 23 0.19 0.04 100 23
475 - 499 8 0.07 0.02 35 13
500 — 524 0
Total 123 534

Appendix D8.-Estimates of length composition and abundance by 25-mm

grayling > 270 mm FL, in a 9.0-km index section of the Pilgrim River, 2002.

FL groups for Arctic

Length Class

(mm FL) n i} SElp, ] N, $elN, |
270 - 299 3 0.01 0.01 10 6
300 - 324 8 0.04 0.01 26 10
325 - 349 22 0.10 0.02 72 20
350 - 374 38 0.17 0.02 124 30
375 - 399 49 0.22 0.03 160 37
400 - 424 47 0.21 0.03 154 36
425 - 449 37 0.16 0.02 121 30
450 - 474 20 0.09 0.02 66 19
475 - 499 2 0.01 0.01 7 5
500 - 524 0
Total 226 740

39



	 LIST OF TABLES
	LIST OF FIGURES
	LIST OF APPENDICES
	ABSTRACT
	INTRODUCTION
	OBJECTIVES
	METHODS
	Sampling Design and Fish Capture
	Data Collection
	Data Analysis
	Abundance Estimate
	Length and Age Compositions


	RESULTS
	Summary Statistics Of Fish Sampled
	Abundance Estimates
	Length and Age Compositions

	DISCUSSION
	ACKNOWLEDGEMENTS
	REFERENCES CITED

